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GEOMECHANICS OF REINFORCED CEMENTED BACKFILL IN AN UNDERHAND 
STOPE AT THE LUCKY FRIDAY MINE, MULLAN, IDAHO

By T.J. Williams,1 D.K. Denton,1 M.K. Larson,1 R.L. Rains,2 J.B. Seymour,1 and D.R. Tesarik3

ABSTRACT

B e c a u s e  b a c k f i l l  h a s  o c c a s i o n a l l y  c o l la p s e d  in t o  a n  a c t iv e  w o r k in g  a r e a , p o s i n g  a  h a z a r d  t o  m in e r s ,  e n g in e e r s  

f r o m  t h e  S p o k a n e  R e s e a r c h  L a b o r a to r y  o f  th e  N a t io n a l  I n s t i tu t e  f o r  O c c u p a t i o n a l  S a f e t y  a n d  H e a l t h  a n d  H e c l a  

M i n i n g  C o .  in s t a l l e d  in s t r u m e n t s  i n  a  c e m e n t e d ,  b a c k f i l l e d ,  s t o p e - r a m p  in t e r s e c t i o n  a t  H e c l a ’s  L u c k y  F r id a y  

M in e ,  M u l la n ,  I D .  T h e  p u r p o s e  w a s  t o  m e a s u r e  s t r e s s  a n d  s t r a in  c h a n g e s  i n  th e  b a c k f i l l  a n d  r e in f o r c in g  

m e m b e r s  d u r in g  u n d e r c u t  m in in g .  T h e  in s t r u m e n t s  w e r e  m o n i t o r e d  f o r  6  m o n t h s  w h i l e  th r e e  s u c c e s s i v e  c u t s  

w e r e  m in e d  b e l o w  th e  in t e r s e c t io n .  R e a d in g s  s h o w e d  in d u c e d  lo a d s  u p  t o  3 4 5 0  k P a  ( 5 0 0  p s i )  i n  t h e  b a c k f i l l  

a s  s t o p e  w a l l s  c o n v e r g e d  2 .5  to  1 2  c m  (1  t o  5  in ) .  T h e  b a c k f i l l  t h e n  d e f o r m e d  a g a in s t  t h e  t o p  a n d  b o t t o m  p la t e s  

o f  t h e  2 - m -  ( 6 - f t - )  l o n g  v e r t i c a l  r o c k  b o l t s  in s t a l l e d  a s  r e in f o r c e m e n t ,  p r o d u c in g  lo a d s  t o  1 7 7  k N  ( 4 0 , 0 0 0  lb )  

o n  th e  r o c k  b o l t s .

W e  h y p o t h e s i z e  th a t  a  c o m p r e s s iv e  z o n e  w a s  c r e a t e d  i n  th e  b a c k f i l l  th a t  a l l o w e d  t h e  b a c k f i l l  t o  r e m a in  s t a b le  

a s  l o n g  a s  th e  c o m p r e s s iv e  z o n e s  f r o m  a d j a c e n t  r o c k  b o l t s  o v e r la p p e d .  T h is  h y p o t h e s i s  i s  p r e s e n t e d  i n  g r a p h ic a l  

fo r m .

O f  p a r t ic u la r  in t e r e s t  w a s  t h e  e f f e c t  o f  lo a d i n g  o n  t r u s s e s  in s t a l l e d  to  a u g m e n t  th e  v e r t i c a l  r o c k  b o l t s  a n d  w ir e  

m e s h  t y p i c a l l y  in s t a l l e d  i n  b a c k f i l l .  D a t a  f r o m  th e  in s t r u m e n t s  in d ic a t e  th a t  w a l l  c lo s u r e  p e r p e n d ic u la r  t o  th e  

v e i n  in d u c e d  lo a d s  i n  tr u s s  l e g s  p a r a l le l  t o  t h e  v e i n  a n d  i n  th e  r o c k  b o l t  d r iv e n  t h r o u g h  t h e  c e n t e r  o f  th e  tr u s s ,  

b u t ,  b e c a u s e  t h e y  a r e  d e s i g n e d  to  f u n c t i o n  u n d e r  t e n s io n ,  tr u s s  l e g s  p e r p e n d ic u la r  t o  th e  v e i n  s u p p l ie d  

in s ig n i f i c a n t  s u p p o r t  a s  a  r e s u l t  o f  c o m p r e s s io n a l  f o r c e s  f r o m  w a l l  c lo s u r e .  B a s e d  o n  t h i s  s tu d y ,  u s e  o f  t r u s s e s  

w a s  d is c o n t in u e d ,  a n d  a n  a l t e r n a t iv e  s u p p o r t  s y s t e m  o f  w o o d  b e a m s  a n d  p o s t s  w a s  in s t a l l e d  a s  n e e d e d  to  e n s u r e  

th e  s a f e t y  o f  m in e r s  w o r k in g  b e n e a t h  th e  b a c k f i l l  i n  s t o p e - r a m p  in t e r s e c t io n s .

1M ining engineer.
2Geologist.
3M echanical engineer, Spokane Research Laboratory, National Institute for Occupational Safety and Health, Spokane, WA.
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INTRODUCTION

M in in g - in d u c e d  w a l l  c lo s u r e  i n  c e m e n t e d ,  b a c k f i l l e d  u n d e r ­

h a n d  s t o p e s  a t  H e c l a  M in in g  C o . ’s  L u c k y  F r id a y  M in e  i n  

M u lla n ,  I D ,  c a n  c a u s e  th e  b a c k f i l l  t o  fr a c tu r e .  T h e s e  f r a c tu r e s  

g e n e r a l ly  d o  n o t  p o s e  a  h a z a r d  to  m in e r s  w o r k in g  i n  t h e  s t o p e s  

b e n e a t h  th e  b a c k f i l l  b e c a u s e  a n y  b r o k e n  m a t e r ia l  i s  c o n t a in e d  

b y  w ir e  m e s h  a n d  D y w i d a g 4 r o c k  b o l t s  u s e d  f o r  b a c k f i l l  

r e i n f o r c e m e n t .  S t i l l ,  s o m e  c o l l a p s e s  o f  b a c k f i l l  h a v e  o c c u r r e d  

i n  s t o p e - r a m p  in t e r s e c t i o n s  a s  t h e  b a c k f i l l  w a s  u n d e r c u t .

O p t io n s  f o r  im p r o v in g  m in e r  s a f e t y  w h i l e  m in e r s  a r e  w o r k in g  

u n d e r  b a c k f i l l  in c lu d e  p la c e m e n t  o f  a  la y e r  o f  l o w - m o d u lu s  

b a c k f i l l  a b o v e  a  r e i n f o r c e d  c e m e n t e d  s i l l ,  in s t a l l a t io n  o f  

d e f o r m a b le  p la s t ic  s h e e t s  a l o n g  th e  c e n t e r l in e  o f  t h e  s t o p e  

( F r e d e r ic k s e n  e t  a l .  1 9 9 3 ;  K r a u la n d  a n d  S t i l l e  1 9 9 3 ) ,  o r  

p la c e m e n t  o f  a d d i t io n a l  s u p p o r t  t o  r e i n f o r c e  th e  b a c k f i l l .  T h e  

la t t e r  o p t io n  w a s  c h o s e n  b y  H e c la ,  a n d  i n  a d d i t io n  to  v e r t i c a l  

r o c k  b o l t s ,  t r u s s e s  m a n u f a c t u r e d  b y  W e s t e r n  S u p p o r t  S y s t e m s ,  

S a l t  L a k e  C ity ,  U T ,  w e r e  in s t a l l e d  i n  th e  f o u r - w a y  r a m p - s t o p e  

in t e r s e c t io n s .

T o  m o n i t o r  th e  e f f e c t i v e n e s s  o f  th e  t r u s s e s  a n d  to  c o m p a r e  

s t r e s s e s  i n  t h e  t r u s s - s u p p o r t e d  b a c k f i l l  w i t h  s t r e s s e s  p r e v io u s ly  

r e c o r d e d  i n  s t o p e s  w i t h o u t  t r u s s  s y s t e m s ,  e n g in e e r s  f r o m  th e  

S p o k a n e  R e s e a r c h  L a b o r a to r y  ( S R L )  o f  th e  N a t io n a l  I n s t itu t e  

f o r  O c c u p a t i o n a l  S a f e t y  a n d  H e a l t h  ( N I O S H )  a n d  H e c l a  M in in g  

C o . m o u n t e d  in s t r u m e n t s  o n  b o t h  b o l t s  a n d  t r u s s e s .  T h e  

in s t r u m e n t s  in c lu d e d  v ib r a t i n g - w ir e  s t r a in  g a u g e s  a n d  l o a d  c e l l s  

o n  th e  r o c k  b o l t s  a n d  t h e  l e g s  o f  t h e  t r u s s e s ,  e a r t h  p r e s s u r e  c e l l s  

i n  th e  c e m e n t e d  b a c k f i l l ,  a n d  s t r in g  p o t e n t io m e t e r s  a c r o s s  th e  

s t o p e s .  R e d u n d a n c y  w a s  d e s i g n e d  in t o  th e  in s t r u m e n t a t io n  p la n  

to  o v e r c o m e  k n o w n  in s t r u m e n t  s u r v iv a l  p r o b le m s  a s s o c ia t e d  

w i t h  d e f o r m a t io n  o f  t h e  f i l l  a n d  t o  p r o v id e  s u f f i c i e n t  d a t a  to  

in t e r p r e t  th e  in t e r a c t io n  o f  t h e  in d iv id u a l  s u p p o r t  c o m p o n e n t s .

I n  a d d it io n ,  c y l in d e r s  o f  w e t  b a c k f i l l  m a t e r ia l  w e r e  c o l l e c t e d  

d u r in g  f i l l i n g  o f  th e  in s t r u m e n t e d  s t o p e .  T h e  c y l in d e r s  w e r e  

c u r e d  i n  a  r o o m  w h e r e  h u m id i t y  a n d  te m p e r a tu r e  w e r e  

c o n t r o l le d .  T h e y  w e r e  t h e n  t e s t e d  f o r  7 -  a n d  2 8 - d a y  u n c o n f in e d  

c o m p r e s s iv e  a n d  s p l i t t in g  t e n s i l e  s t r e n g th s .

MINING METHOD

T h e  L u c k y  F r id a y  M i n e  ( f ig u r e  1 ) u s e s  a  m e c h a n iz e d  

u n d e r h a n d  c u t - a n d - f i l l  m in in g  m e t h o d  to  m in e  l e a d - s i l v e r  o r e  

f r o m  a  s t e e p ly  d ip p in g ,  2 . 4 - m -  ( 8 - f t - )  w i d e  v e i n  a t  a  d e p t h  

e x c e e d i n g  1 .6  k m  (1  m i l e )  ( S c o t t  1 9 9 0 ) .  I n  t h e  u n d e r h a n d  

m in in g  m e t h o d ,  th e  m in e d - o u t  s t o p e  i s  b a c k f i l l e d  w i t h  r e in ­

f o r c e d ,  c e m e n t e d  m i l l  t a i l in g s  f o l l o w i n g  e a c h  c u t ,  w h i c h  p r o ­

v i d e s  a  s a f e  s t o p e  b a c k  o r  r o o f  f o r  t h e  f o l l o w i n g  c u t .  A p p r o x i ­

m a t e ly  1 0 %  c e m e n t  b y  w e i g h t  i s  a d d e d  to  th e  m i l l  t a i l in g s  to  

s t r e n g t h e n  th e  b a c k f i l l  r a p id ly  s o  th a t  m in in g  o f  th e  f o l l o w i n g  

c u t  c a n  r e s u m e  u n d e r  t h e  b a c k f i l l  w i t h o u t  a  l o n g  w a i t .  T h is  

a m o u n t  o f  c e m e n t  h a s  b e e n  s e l e c t e d  a f t e r  y e a r s  o f  e x p e r i e n c e  i n  

b a la n c i n g  m in e r  s a f e t y ,  c o s t  o f  th e  c e m e n t ,  a n d  t h e  n e e d  t o  s ta r t  

m in in g  th e  f o l l o w i n g  c u t  s o o n  a f t e r  b a c k f i l l  p la c e m e n t .

A p p r o x im a t e ly  7 0 %  o f  th e  s t o p e  h e ig h t  i s  b a c k f i l l e d ,  l e a v i n g  

a  1 - m  (3  - f t )  g a p  b e t w e e n  t h e  b o t t o m  o f  th e  p r e v io u s  f i l l  a n d  th e  

t o p  o f  th e  n e w  f i l l .  T h e  b a c k f i l l  i s  d e l iv e r e d  f r o m  t h e  s u r f a c e  in  

a  p a s t e l ik e  c o n s i s t e n c y ,  w h i c h  l o w e r s  w a t e r  c o n t e n t ,  t h e r e b y  

i n c r e a s in g  th e  f in a l  s t r e n g t h  o f  th e  b a c k f i l l  ( B r a c k e b u s c h  1 9 9 4 ) .  

B a c k f i l l  r e i n f o r c e m e n t  c o n s i s t s  o f  2 -  o r  2 . 4 - m -  ( 6 -  o r  8 - f t - )  l o n g  

D y w i d a g  r o c k  b o l t s  d r iv e n  v e r t i c a l ly  o n  1 .2 - m  ( 4 - f t )  c e n t e r s  in t o  

l o o s e  m u c k  o n  th e  f lo o r .  W h e n  t h e  e n d  o f  t h e  r o c k  b o l t  d r iv e n  

in t o  t h e  l o o s e  m u c k  i s  e x p o s e d  d u r in g  m in in g  o f  t h e  f o l l o w i n g  

c u t ,  c h a i n  l in k  f e n c i n g ,  a  b e a r in g  p la t e ,  a n d  a  n u t  a r e  in s t a l l e d  

f o r  g r o u n d  s u p p o r t .5 T h e  h i g h  h o r iz o n t a l  i n  s i t u  s t r e s s e s  a t  th e  

L u c k y  F r id a y  M in e  ( W h y a t t  a n d  B e u s  1 9 9 5 ;  W h y a t t  e t  a l .  1 9 9 5 )  

r e s u l t  i n  r a p id  c lo s u r e  o f  th e  w a l l  r o c k  i n  th e  m in e d - o u t  p o r t io n

4M ention o f  specific products and manufacturers does not im ply endorse­
ment by the National Institute for Occupational Safety and Health.

5The Garpenberg M ine in Sweden (Krauland and Stille 1993) and the Henty 
M ine in W estern Tasmania, Australia (Henderson et al. 1998), use similar 

reinforcement w ith their undercut-and-fill m ining methods.

o f  th e  v e i n ,  a n d  t h i s  w a l l  c lo s u r e  i s  th e  m a in  f a c t o r  a f f e c t i n g  th e  

s t a b i l i t y  o f  th e  b a c k f i l l .

E a c h  m in in g  c u t  i s  3 .3  m  ( 1 1  f t )  h i g h  a n d  2  to  3 m  ( 6  t o  1 0  f t )  

w i d e  a n d  e x t e n d s  a p p r o x im a t e ly  7 5  m  ( 2 5 0  f t )  a l o n g  th e  v e i n  to  

e a c h  s id e  o f  a n  a c c e s s  r a m p  ( s lo t ) .  T h e  b r o k e n  o r e  i s  s t o r e d  i n  

a  m u c k  b a y  o n  th e  o p p o s i t e  s id e  o f  t h e  v e i n  f r o m  th e  a c c e s s  s lo t .  

T h is  c r e a t e s  a  f o u r - w a y  in t e r s e c t io n .  T h u s  t h e  b a c k f i l l  m a y  s p a n  

a  d is t a n c e  o f  u p  t o  9  m  ( 3 0  f t )  d ia g o n a l ly .

Canada

Figure 1.—Location of Lucky Friday Mine, Coeur d’ Alene 
Mining District, Idaho.
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DESCRIPTION AND PLACEMENT OF INSTRUMENTS

A lt h o u g h  s t o p e  w a l l  c lo s u r e  a n d  f i l l  p r e s s u r e  h a d  b e e n  

m o n it o r e d  p r e v io u s ly  a t t h e  m in e  ( W i l l i a m s  e t  a l .  1 9 9 2 ;  H e d le y  

1 9 9 3 ) ,  l o a d s  o n  b a c k f i l l  r e i n f o r c e m e n t  h a d  n o t  b e e n .  T h u s ,  th e  

in s t r u m e n t a t io n  p la n  w a s  d e s i g n e d  t o  d e t e r m in e  c lo s u r e  o f  th e  

b a c k f i l l e d  m in e  o p e n in g s ,  p r e s s u r e  i n  th e  b a c k f i l l ,  s t r e n g th  o f  

th e  b a c k f i l l ,  a n d  i n d u c e d  lo a d s  o n  th e  t r u s s  a n d  r o c k  b o l t s  p la c e d  

i n  th e  b a c k f i l l .  B e c a u s e  s u p p o r t  i s  p r o v id e d  b y  m e c h a n ic a l  

i n t e r a c t io n  a m o n g  t h e s e  e l e m e n t s ,  a  c o m p le t e  e v a lu a t i o n  o f  th e  

e n g in e e r in g  p a r a m e te r s  o f  e a c h  e le m e n t  w a s  n e e d e d  to  

d e t e r m in e  h o w  t h e  w h o l e  s y s t e m  f u n c t io n e d .  F a i lu r e s  o f  th e  

in s t r u m e n t s  f r o m  d e f o r m a t io n  a n d  b r e a k u p  o f  t h e  b a c k f i l l  w e r e  

a n t ic ip a te d ;  t h e r e f o r e ,  r e d u n d a n t  s y s t e m s  w e r e  u s e d .

A  f o u r - w a y  tr u s s  w a s  in s t a l l e d  a t  th e  c e n t e r  o f  th e  

in t e r s e c t i o n  i n  a d d i t io n  t o  th e  v e r t i c a l  r o c k  b o l t s  t y p ic a l ly  u s e d  

a s  r e i n f o r c e m e n t .  T h e  t r u s s  w a s  c o n s t r u c t e d  u s i n g  N o .  7  

D y w i d a g  r o c k  b o l t s  h a v in g  a  m in im u m  y i e l d  s t r e n g t h  o f  1 6 0  k N  

( 3 6 , 0 0 0  lb ) .  I t  c o n s i s t e d  o f  o n e  v e r t i c a l  r o c k  b o l t ,  f o u r  l e g s  

a n g l e d  1 5 °  to  2 0 °  f r o m  th e  h o r iz o n t a l ,  o n e  f o u r - w a y  h o r n  

b r a c k e t ,  a n d  f o u r  s t ir r u p  U - b o l t s  b e n t  u p w a r d  a t  2 5 °  f r o m  th e  

h o r iz o n t a l .  T h e  h o r iz o n t a l  l e g s  c o n s i s t e d  o f  t w o  o r  th r e e  r o c k  

b o l t s  j o i n e d  t o g e t h e r  w i t h  c o u p l i n g s  s o  th a t  th e  e n d s  o f  th e  l e g s  

l a y  o u t s id e  th e  in t e r s e c t i o n  in t o  th e  e a s t  a n d  w e s t  s id e s  o f  th e  

s t o p e  a l o n g  th e  v e i n  a n d  in t o  th e  s lo t  a n d  th e  m u c k  b a y  ( f ig u r e  

2).

I n s t r u m e n t e d  N o .  7  D y w i d a g  r o c k  b o l t s  w e r e  o b t a in e d  f r o m  

R o c t e s t ,  P la t t s b u r g h ,  N Y ,  to  m e a s u r e  in d u c e d  l o a d  o n  th e  r o c k  

b o l t s  u s e d  f o r  b a c k f i l l  r e i n f o r c e m e n t .  R o c t e s t  in s t a l l e d  a  

v ib r a t i n g - w ir e  s t r a in  g a u g e  a n d  th e r m is t e r  i n  o n e  e n d  o f  e a c h  

r o c k  b o l t .  T h e s e  in s t r u m e n t e d  r o c k  b o l t s  w e r e  p l a c e d  a t  th e  

e n d s  o f  a l l  t h e  t r u s s  l e g s .  T h e y  w e r e  a l s o  u s e d  t o  r e p la c e  s o m e  

o f  th e  v e r t i c a l  r o c k  b o l t s  t h r o u g h o u t  th e  s t o p e .  A l l  in s t r u m e n t e d

r o c k  b o l t s  w e r e  in s t a l l e d  s o  th a t  t h e  in s t r u m e n t e d  e n d  w a s  i n  th e  

b a c k f i l l  t o  p r o t e c t  th e  in s t r u m e n t s  f r o m  b la s t in g  a s  t h e  n e x t  c u t  

w a s  m in e d .

A L C 1 0  r o c k  b o l t  l o a d  c e l l s  w e r e  a l s o  o b t a in e d  f r o m  R o c t e s t  

t o  p r o v id e  r e d u n d a n t  r e a d in g s  o n  t h e  v e r t i c a l  r o c k  b o l t s  a n d  th e  

tr u s s .  L o a d  c e l l s  w e r e  t h e  o n ly  in s t r u m e n t s  th a t  c o u l d  b e  u s e d  

t o  o b t a in  lo a d  r e a d in g s  a t  t h e  j u n c t i o n  o f  th e  s t ir r u p  a n d  th e  

h o r iz o n t a l  l e g s  a t  th e  t r u s s  b r a c k e t  b e c a u s e  b la s t in g  a t  t h is  

l o c a t i o n  w o u l d  h a v e  d e s t r o y e d  t h e  in s t r u m e n t e d  r o c k  b o l t  w ir e s .  

T h e  l o a d  c e l l s  w e r e  in s t a l l e d  o n  th e  l o w e r  e n d  o f  i n s t r u m e n t e d  

r o c k  b o l t s  ( f ig u r e  3 )  a n d  o n  t h e  t r u s s  l e g s  a f t e r  m in in g  h a d  

p a s s e d .  T h e  l o a d  c e l l s  s u r v iv e d  b e t t e r  th a n  t h e  in s t r u m e n t e d  

r o c k  b o l t s  b e c a u s e  th e  w i r e s  w e r e  n o t  s u b j e c t e d  t o  b a c k f i l l  

d e f o r m a t io n .

A t  v a r io u s  l o c a t io n s ,  w a l l - t o - w a l l  c lo s u r e  w a s  m e a s u r e d  i n  

th r e e  d i f f e r e n t  v e r t i c a l  p o s i t i o n s  ( f ig u r e  4 ) .  A  c lo s u r e  p la n e  i n  

t h e  1 - m  ( 3 - f t )  g a p  a b o v e  th e  b a c k f i l l  w a s  m e a s u r e d  w i t h  s t r in g  

p o t e n t io m e t e r s .  A n o t h e r  c lo s u r e  p la n e  a c r o s s  th e  b a c k f i l l  w a s  

m e a s u r e d  w i t h  s t r in g  p o t e n t io m e t e r s  in s id e  c o l l a p s i b l e  s t e e l  

c a s i n g s ,  a n d  a  c lo s u r e  p la n e  i n  t h e  n e w  s t o p e  c u t  w a s  m e a s u r e d  

w i t h  a  t a p e  e x t e n s o m e t e r .  A l l  c lo s u r e  r e a d in g s  w e r e  t a k e n  

b e t w e e n  1 5 -  b y  1 5 - c m  ( 6 -  b y  6 - in )  b e a r in g  p la t e s  o n  1 .2 - m -  

( 4 - f t - )  l o n g  r o c k  b o l t s  t o  a c h ie v e  a s  m u c h  a c c u r a c y  a s  p o s s i b l e .

C o m p r e s s io n a l  l o a d s  i n  th e  b a c k f i l l  w e r e  m e a s u r e d  w i t h  

6 9 0  k P a ,  2 3 - c m -  ( 1 0 0 0  p s i ,  9 - in - )  d ia m  M o d e l  3 5 0 0  e a r th  

p r e s s u r e  c e l l s  f r o m  G e o k o n ,  I n c . ,  L e b a n o n ,  N H .  E a c h  e a r th  

p r e s s u r e  c e l l  h a d  a  b a c k f i l l  w a l l  c lo s u r e  in s tr u m e n t ,  a  g a p  w a l l  

c lo s u r e  in s tr u m e n t ,  a n d  a n  in s t r u m e n t e d  v e r t i c a l  r o c k  b o l t  

in s t a l l e d  a t t h e  s a m e  lo c a t io n .

Figure 2.—Intersection tru ss  system .
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Figure 3.—Rock bolts instrumented with load cells.
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F ig u r e  5  s h o w s  th e  l o c a t i o n  a n d  t y p e s  o f  in s t r u m e n t s  

in s t a l l e d  i n  th e  in t e r s e c t io n .

A  C R 1 0  d a t a lo g g e r  m a n u f a c t u r e d  b y  C a m p b e l l  S c i e n t i f i c ,  

I n c .,  L o g a n ,  U T ,  w a s  c h o s e n  b e c a u s e  o f  i t s  a b i l i t y  t o  r e c o r d  

in f o r m a t io n  f r o m  a  n u m b e r  o f  in s t r u m e n t  t y p e s  ( S e y m o u r  e t  a l.

1 9 9 8 ;  L a r s o n  e t  a l .  1 9 9 5 ;  L a r s o n  a n d  M a le k i  1 9 9 6 ) ,  in c lu d in g  

v ib r a t i n g - w ir e  s t r a in  g a u g e s  a n d  th e r m is t o r s ,  l o a d  c e l l s ,  p r e s s u r e  

t r a n s d u c e r s ,  a n d  v o l t a g e  p o t e n t io m e t e r s .  A n  E x c e l  s p r e a d s h e e t  

w a s  u s e d  f o r  d a t a  a n a ly s i s .

Figure 4.—Wall closure instrument locations.
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Figure 5.—Location of instruments in 5660-05-level intersection.

MINING AND MONITORING PROCEDURES

A f t e r  th e  in s t r u m e n t s  w e r e  c a l ib r a t e d  a t  S R L , t h e y  w e r e  

i n s t a l l e d  i n  th e  m in e d - o u t  c u t  8  o f  th e  5 6 6 0 - 0 5  s t o p e  p r io r  to  

p la c e m e n t  o f  th e  b a c k f i l l .  F ig u r e  6  i s  a  lo n g i t u d i n a l  p r o j e c t io n  

o f  t h e  L u c k y  F r id a y  M in e  w i t h  th e  t e s t  s t o p e  l o c a t i o n  s h o w n  i n  

t h e  l o w e r  w e s t  c o r n e r .  F ig u r e  7  i s  a n  e x p a n d e d  v i e w  s h o w i n g  

th e  c u t  s e q u e n c e  f o r  t h e  5 6 6 0  a n d  5 7 5 0  s u b l e v e l s  a n d  th e  

l o c a t i o n  o f  th e  in s t r u m e n t  s i t e .  O n  O c t o b e r  1 5 , 1 9 9 7 ,  th e  

in t e r s e c t i o n  w a s  b a c k f i l l e d  w i t h  2 .3  m  ( 7 .5  f t )  o f  c e m e n t e d  m i l l  

t a i l in g s  s o  th a t  t h e  tr u s s  l e g s  w e r e  c o m p l e t e l y  c o v e r e d .  B e c a u s e  

th e  s t o p e  w a s  o n ly  f i l l e d  f o r  2 .3  m  ( 7 .5  f t )  o f  i t s  3 . 3 - m  ( 1 1  - f t )  

h e ig h t ,  a d d i t io n a l  s t r in g  p o t e n t io m e t e r s  w e r e  in s t a l l e d  w a l l - t o -  

w a l l  i n  t h e  g a p  o n  O c t o b e r  1 6 . T h e  d a t a lo g g e r  w a s  t h e n  m o v e d

t o  a  p o s i t i o n  i n  t h e  g a p  b e t w e e n  th e  f i l l s  s o  i t  w o u l d  n o t  b e  

d a m a g e d  b y  b l a s t i n g  d u r in g  m in in g  o f  c u t  9 .

T h e  in s t r u m e n t s  w e r e  in i t i a l l y  m o n i t o r e d  h o u r ly ,  t h e n  e v e r y

2  h r , a n d  b y  th e  e n d  o f  t h e  p r o j e c t ,  e v e r y  1 2  hr . T h e  m o n i t o r in g  

r a te  w a s  c h a n g e d  t o  l e n g t h e n  t h e  t im e  th e  s y s t e m  w o u l d  o p e r a te  

w it h o u t  h a v in g  to  r e t r i e v e  th e  d a t a  s t o r a g e  c a n is t e r .

M i n i n g  th e  n e x t  c u t  ( 5 6 6 0 - 0 5  s t o p e ,  c u t  9 )  b e g a n  b y  b la s t in g  

t h e  b o t t o m  o f  th e  c u t  8  r a m p  o n  O c t o b e r  2 0 .  T h e  l o a d  c e l l s  w e r e  

in s t a l l e d  o n  th e  e x p o s e d  e n d s  o f  th e  r o c k  b o l t s  o n  O c t o b e r  2 9  

a f t e r  m in in g  h a d  p r o c e e d e d  f a r  e n o u g h  s o  th a t  t h e  in s tr u m e n t  

w i r e s  w o u l d  n o t  b e  d a m a g e d  b y  b la s t in g .  T h e  m in e  in s t a l l e d  a  

3 - m -  ( 1 0 - f t - )  l o n g  c a p  a c r o s s  th e  w e s t  s id e  o f  th e  in t e r s e c t i o n  in
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Figure 6.—Longitudinal projection of Lucky Friday Mine.
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Figure 7.—Cut sequence for 5660 and 5750 sublevels showing location of instrumented intersection.

c u t  9  t o  p r o t e c t  m in e r s  f r o m  a  p o s s i b l e  f i l l  c o l la p s e  f o l l o w i n g  

th e  c o l l a p s e  o f  a  3 - m  ( 1 0 - f t )  s e c t i o n  o f  th e  w a l l  i n  th e  n o r t h w e s t  

in t e r s e c t i o n  c o r n e r  th a t  e x p o s e d  1 .5  m  (5  f t )  o f  th e  s id e  o f  th e  

f i l l .  T h is  w a s  3 .7  m  ( 1 2  f t )  f r o m  t h e  W e s t  1 in s t r u m e n t  l o c a t io n ,  

s o  th e  c o l l a p s e  d id  n o t  a f f e c t  in s t r u m e n t  r e a d in g s .  L a te r ,  

a n o t h e r  c a p  w a s  in s t a l l e d  a c r o s s  th e  m u c k  b a y  s id e  o f  th e  

in t e r s e c t i o n  w h e n  a  c r a c k  i n  th e  b a c k f i l l  w a s  n o t i c e d  th e r e .  

M o n i t o r in g  th e  in s t r u m e n t s  c o n t in u e d  to  A p r i l  2 ,  1 9 9 8 ,  d u r in g  

m in in g  o f  th r e e  s u c c e s s i v e  c u t s  b e l o w  t h e  in s t r u m e n t e d  b a c k f i l l  

lo c a t io n .

C h a n g e s  i n  th e  t r u s s  l e g  r e a d in g s  o n  M a r c h  1 , 1 9 9 8 ,  

in d ic a t e d  th a t  th e  in t e r s e c t i o n  h a d  f a i l e d .  V i s u a l  in s p e c t io n  

r e v e a le d  th a t  t h e  n o r t h w e s t  c o r n e r  o f  th e  in t e r s e c t i o n  h a d  

c o l l a p s e d  o n  to  t h e  t o p  o f  t h e  c u t  9  f i l l  i n  th e  s a m e  a r e a  w h e r e  

t h e  s t o p e  w a l l  h a d  f a i l e d  d u r in g  m in in g  o f  c u t  9 . A t  t h i s  t im e ,  

t h e  a c t iv e  m in in g  f a c e  w a s  9  m  ( 3 0  f t )  b e l o w  w i t h  t w o  b a c k f i l l  

h o r iz o n s  b e t w e e n  i t  a n d  th e  f a i l e d  b a c k f i l l ,  s o  th e  f a i lu r e  p o s e d  

n o  h a z a r d  to  th e  m in e r s .

IN-MINE OBSERVATIONS AND DATA ANALYSIS

CLOSURE READINGS

S t o p e  w a l l  c lo s u r e  r e a d in g s  w e r e  t a k e n  i n  t h e  m in in g  c u t ,  

a c r o s s  t h e  b a c k f i l l ,  a n d  i n  th e  g a p  a b o v e  th e  b a c k f i l l  b e t w e e n  

r o c k  b o l t s  t o  d e t e r m in e  h o r iz o n t a l  c o n v e r g e n c e  o f  t h e  s t o p e  

w a l l s  a s  m in in g  p r o g r e s s e d .  T h e  c lo s u r e  in s t r u m e n t s  s h o w e d  

th a t  th e  w a l l s  o f  t h e  s lo t  a n d  v e i n  w e r e  c o n v e r g i n g ,  b u t  th a t  th e  

w a l l s  o f  t h e  m u c k  b a y  w e r e  n o t  m o v in g .

S t r in g  p o t s  p l a c e d  i n  th e  b a c k f i l l  s h o w e d  t h e  v e i n  w a l l s  h a d  

c o n v e r g e d  a n  a v e r a g e  o f  7 . 9  c m  ( 3 .1  in )  d u r in g  m in in g  o f  c u t  

9  o n  t h e  5 6 6 0  l e v e l ,  8 .9  c m  ( 3 .5  in )  d u r in g  m in in g  o f  c u t  1 o n  

th e  5 7 5 0  l e v e l ,  a n d  8 .0  c m  ( 3 . 2  in )  d u r in g  m in in g  o f  c u t  2  o n  th e  

5 7 5 0  le v e l .  A t  th e  s a m e  t im e ,  v e i n  c lo s u r e  m e a s u r e d  b y  s t r in g  

p o t s  i n  t h e  g a p  a r e a  a v e r a g e d  1 4 .0  c m  ( 5 .5  in )  f o r  c u t  9  o n  th e  

5 6 6 0  l e v e l ,  1 1 .5  c m  ( 4 .5  in )  f o r  c u t  1 o n  t h e  5 7 5 0  l e v e l ,  a n d  

9 .7  c m  ( 3 .8  in )  f o r  c u t  2  o n  th e  5 7 5 0  l e v e l .  I n c r e a s e d  a m o u n t s  

o f  c lo s u r e  a c r o s s  th e  g a p  w e r e  c a u s e d  b y  a  l a c k  o f  s u p p o r t  f o r  

th e  w a l l s  i n  t h i s  a r e a . G a p  c lo s u r e  a l s o  b e g a n  1 o r  m o r e  d a y s

b e f o r e  c lo s u r e  i n  th e  b a c k f i l l  ( f ig u r e  8 ) ,  a  fu r t h e r  in d ic a t io n  th a t  

th e  b a c k f i l l  w a s  s u p p l y in g  w a l l  s u p p o r t .  T h e  a m o u n t  o f  o v e r a l l  

w a l l  c lo s u r e  w o u l d  p r o b a b ly  b e  t h e  s a m e ,  b u t  th e  b a c k f i l l  

s u p p l ie d  e n o u g h  s u p p o r t  s o  th a t  f r a c t u r e s  i n  th e  s t o p e  w a l l s  

c l o s e d  b e f o r e  t h e  b a c k f i l l  s ta r te d  t o  y i e l d .  T h e r e  w e r e  n o  

b o r e h o le  c lo s u r e  e x t e n s o m e t e r s  i n  th e  w a l l s ,  s o  t h i s  h y p o t h e s i s  

c o u l d  n o t  b e  c o n f ir m e d .

I n  t h e  a c t iv e  m i n i n g  a r e a , a  t a p e  e x t e n s o m e t e r  r e c o r d e d  a n  

a v e r a g e  o f  9 . 4  c m  ( 3 . 7  in )  o f  c o n v e r g e n c e  a c r o s s  th e  v e i n  a n d  

7 . 6  c m  ( 3 . 0  in )  a c r o s s  th e  s lo t .  C lo s u r e  m e a s u r e m e n t s  i n  th e  

a c t iv e  m in in g  a r e a  b e g a n  a f t e r  m in in g  w a s  a t  l e a s t  9  m  ( 3 0  f t )  

p a s t  th e  in s t r u m e n t  lo c a t io n s ;  t h e r e f o r e ,  t h e s e  m e a s u r e m e n t s  d o  

n o t  r e p r e s e n t  t o t a l  c lo s u r e  r e la t e d  t o  m in in g  o f  t h i s  c u t .

A  t h r u s t - f a u lt - t y p e  o f  f r a c tu r e  ( f ig u r e  9 )  w a s  n o t i c e d  a t  

th e  t o p  o f  th e  b a c k f i l l  w h i l e  r e t r i e v in g  th e  C R 1 0 's  d a t a  c a n is t e r  

o n  N o v e m b e r  4 ,  1 9 9 7 .  T h e  f a i lu r e  w e n t  a c r o s s  th e  in t e r s e c t i o n  

a n d  in t o  th e  e a s t  a n d  w e s t  h e a d in g s  a l o n g  t h e  v e in .  B o t h  2 -  a n d  

2 . 4 - m -  ( 6 -  a n d  8 - f t - )  l o n g  v e r t i c a l  r o c k  b o l t s  h a d  b e e n  p l a c e d  in
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TIME, day
Figure 8.—Gap and backfill closure versus time.

Figure 9.—Thrust-fault-type failure, November 4, 1997.

th e  a r e a . F a i lu r e  a p p e a r e d  t o  b e  a b o v e  th e  2 - m  ( 6 - f t )  r o c k  b o l t s ,  

b u t  b l o c k e d  b y  th e  2 . 4 - m  ( 8 - f t )  r o c k  b o l t s ,  th e  e n d s  o f  w h i c h  

w e r e  j u s t  v i s i b l e  a t  th e  t o p  o f  th e  f i l l .

T h is  f a i lu r e  w a s  c a u s e d  b y  c o n v e r g e n c e  o f  t h e  v e i n  w a l l s  o n  

t h e  b a c k f i l l .  A t  t h i s  t im e ,  th e r e  h a d  b e e n  2 .5  t o  7 . 6  c m  (1  to

3 in )  o f  h o r iz o n t a l  c lo s u r e  a c r o s s  th e  v e i n  i n  th e  b a c k f i l l  a n d  7 .6  

t o  1 5  c m  (3  to  6  in )  i n  th e  g a p  a b o v e  th e  in s t r u m e n t e d  b a c k f i l l .

F r a c tu r in g  o f  th e  b a c k f i l l  c a u s e d  u p w a r d  b u c k l i n g  th a t  

g r a d u a l ly  r e d u c e d  t h e  g a p  b e t w e e n  th e  b a c k f i l l s  o v e r  t im e .  

B u c k l i n g  c o n t in u e d  u n t i l  th e  in i t ia l  1 - m  ( 3 .5 - f t )  v e r t i c a l  g a p  w a s  

r e d u c e d  to  l e s s  t h a n  0 .3  m  (1  f t )  b e f o r e  t h e  b a c k f i l l  f r o m  c u t  7  

c o l l a p s e d  o n t o  th e  in s t r u m e n t e d  c u t  8  b a c k f i l l .  T a b le  1 i s  a  

s u m m a r y  o f  o r ig in a l  s t o p e  w id t h s ,  a n d  t a b le  2  s h o w s  c lo s u r e  

r e a d i n g s  f o r

th e  th r e e  m in in g  c u t s .  F ig u r e  1 0  s h o w s  b a c k f i l l  c lo s u r e  a s  a  

f u n c t i o n  o f  t im e  f o r  th r e e  m in in g  c u t s .  T o t a l  c lo s u r e  in c lu d e s

s o m e  r a p id  c lo s u r e  a s  th e  c u t  w a s  m in e d  p a s t  th e  in s t r u m e n t s  

a n d  m o r e  g r a d u a l  t im e - d e p e n d e n t  c lo s u r e  r e s u l t in g  f r o m  a l l  

p r e v io u s  m in in g  i n  th e  a r ea .

Table 1.—Original stope widths.

Location m in
W e st 1 ...................... . . 3 4 .5 13 6
W e st 2  ...................... . . 2 5 .4 10 0
E ast 1 ......................... . . 2 7 .4 108
E ast 2 ......................... . . 3 6 .6 1 4 4
M uck bay ................. . . 3 9 .6 156
Slot 2  ......................... . . 3 0 .0 118
W e st 1 ...................... . . 52.1 2 0 5
W e st 2  ...................... . . 3 5 .6 14 0
E ast 1 ......................... . . 37.1 146

TESTS OF CEMENTED BACKFILL SPECIMENS

A t  th e  t im e  th e  s t o p e  w a s  b a c k f i l l e d ,  s a m p le s  o f  th e  f i l l  w e r e  

c o l l e c t e d  f o r  c o m p r e s s iv e  a n d  t e n s i l e  s t r e n g th  t e s t s .  T h e  7 -d a y  

u n c o n f i n e d  c o m p r e s s iv e  s tr e n g th s  r a n g e d  f r o m  1 7 0 3  to  

2 7 4 4  k P a  ( 2 4 7  t o  3 9 8  p s i ) ,  w i t h  a n  a v e r a g e  o f  2 0 8 2  k P a  ( 3 0 2  

p s i ) ,  w h i l e  2 8 - d a y  u n c o n f i n e d  c o m p r e s s iv e  s tr e n g th s  r a n g e d  

f r o m  2 6 5 4  to  3 9 0 2  k P a  ( 3 8 5  to  5 6 6  p s i )  a n d  a v e r a g e d  3 2 5 4  k P a  

( 4 7 2  p s i ) .  T h e  la b o r a to r y  t e s t s  a g r e e d  w i t h  th e  2 7 5 7 - k P a  

( 4 0 0 - p s i )  u l t im a te  s t r e n g th  r e c o r d e d  a c r o s s  th e  v e i n  a t  a p p r o x i ­

m a t e ly  15  d a y s .

M o v e m e n t  o f  th e  p la t t e n  h e a d  o f  th e  c o m p r e s s i o n  t e s t  

m a c h in e  w a s  a l s o  r e c o r d e d  t o  d e te r m in e  a n  a p p a r e n t  m o d u lu s  

f o r  th e  7 -  a n d  2 8 - d a y  c o m p r e s s iv e  t e s t s .  F ig u r e  11  i s  a n  e x ­

a m p le  o f  th e  s t r e s s - s t r a in  c u r v e  f o r  th e  t e s t s .  T h e  m o d u lu s  f o r  

t h e  s a m p le s  i s  c a lc u la t e d  b e t w e e n  th e  2 0 %  a n d  5 0 %  s tr e n g th  

v a lu e s  b e c a u s e  t h is  i s  th e  s tr a ig h t  l in e  p o r t io n  o f  th e  c u r v e  a n d  

m o s t  r e p r e s e n ta t iv e  o f  th e  tr u e  r e s p o n s e  o f  th e  b a c k f i l l .  T h e  

e q u a t io n  u s e d  i s  —

2 0 - 5 0  m o d u lu s  =  (5 0 %  s tr e n g th  -  2 0 %  s tr e n g th )

^  ( 5 0 %  s tr a in  -  2 0 %  s tr a in ) .

T h e  f i v e  s a m p le s  t e s t e d  a t  7  d a y s  h a d  a  r a n g e  o f  a p p a r e n t  

m o d u lu s  f r o m  5 9 3  t o  2 0 1 3  M P a  ( 8 6 ,0 0 0  to  2 9 2 , 0 0 0  p s i )  w i t h  a n  

a v e r a g e  o f  1 0 4 1  M P a  ( 1 5 1 , 0 0 0  p s i ) .  A p p a r e n t  m o d u lu s  f o r  th e  

2 8 - d a y  t e s t s  r a n g e d  f r o m  1 1 7 2  t o  1 6 4 1  M P a  ( 1 7 0 , 0 0 0  to  

2 3 8 , 0 0 0  p s i )  a n d  a v e r a g e d  1 3 7 0  M P a  ( 1 9 8 , 7 0 0  p s i ) .

S e v e n - d a y  t e n s i l e  s t r e n g th s  r a n g e d  f r o m  4 4 1  t o  5 5 1  k P a  

( 6 4  t o  8 0  p s i )  a n d  a v e r a g e d  4 9 6  k P a  ( 7 2  p s i ) ,  w h i l e  th e  2 8 - d a y  

t e s t s  r a n g e d  f r o m  5 3 7  to  5 7 9  k P a  ( 7 8  t o  8 4  p s i )  a n d  a v e r a g e d  

5 5 1  k P a  ( 8 0  p s i ) .  T h e s e  s t r e n g th s  a r e  c o n s i s t e n t  w i t h  o th e r  t e s t s  

r e c e n t ly  c o n d u c t e d  o n  s a m p le s  o f  c e m e n t e d  f i l l  f r o m  th e  L u c k y  

F r id a y  M in e .  A p p e n d ix  A  p r o v id e s  a  s u m m a r y  o f  r e c e n t  t e s t s .
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Table 2.—C losure readings.

Instrum ent and  
location

<D><DOCDCDLO , cut 9 5 7 5 0  level, cut 1 C u ts 9  + 1 5 7 5 0  leve l, cu t 2 C u ts 9 + 1 + 2
cm in cm in cm in cm  in cm in

M uck bay ................................. . 0 .1 0 0 .0 4 0 0 0 .1 0 0 .0 4 0 .1 0 0 .0 4
Backfill string pots:

W est 1 ................................. . 7 .7 7 3 .0 6 1 1 .2 8 4 .4 4 1 9 .0 5 7 .5 1 2 .1 9  4 .8 3 .2 4 1 2 .3
W est 2 ................................. . + 4 .6 5 + 1 .8 3
E ast 1 ................................. . 1 2 .1 4 4 .7 8
E ast 2  ................................. . 3 .7 8 1 .4 9 6 .6 3 2.61 1 0 .1 6 4.1 3 .81  1.5 1 4 .2 2 5 .6
M uck b a y ............................ . 0 .0 8 0 .0 3 0 .1 0 0 .0 4 0 .1 8 0 .0 7

G ap string pots:
W est 1 ................................. . 1 2 .4 4 .8 8 1 1 .0 5 4 .3 5 2 3 .4 4 9 .2 3
W e st 2 ................................. . 1 1 .3 3 4 .4 6
E ast 1 ................................. . 1 6 .3 6 6 .4 4 1 1 .8 6 4 .6 7 2 8 .2 2 11.11 9 .6 8  3.81 3 7 .9 0 1 4 .9 2
E ast 2  ................................. . 1 5 .8 0 6 .2 2
S lot 1 .................................... . 8.71 3 .4 3

T a p e  ex ten so m e ter :
S lot 2 .................................... . 6 .5 5 2 .5 8
W est 1 ................................. . 9 .1 2 3 .5 9
W est 2 ................................. . 1 2 .4 7 4 .8 9
E ast 1 ................................. . 6 .7 6 + 2 .6 6
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Figure 10.—Backfill closure as a function of time.
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M o d e l  3 5 0 0  e a r t h  p r e s s u r e  c e l l s  f r o m  G e o k o n ,  I n c . ,  w e r e  

p l a c e d  i n  th e  c e m e n t e d  b a c k f i l l  t o  m o n i t o r  p r e s s u r e  a s  th e  w a l l s  

c lo s e d .  T h e  b a c k f i l l  p r e s s u r e  i n c r e a s e d  r a p id ly  a s  w a l l  c lo s u r e  

c o m m e n c e d  ( f ig u r e  1 2 ) .  T h e  r e a d in g s  p e a k e d  w i t h  m in in g  o f  

c u t  9 ,  a f t e r  w h i c h  b a c k f i l l  p r e s s u r e  d r o p p e d  a s  e a c h  s u b s e q u e n t  

c u t  w a s  c o m p le t e d .  P e a k  p r e s s u r e s  r a n g e d  f r o m  a  l o w  o f  7 9 3  

k P a  ( 1 1 5  p s i )  i n  th e  in t e r s e c t i o n  to  4 1 7 8  k P a  ( 6 0 6  p s i )  a t  W e s t  

2 ;  th e  a v e r a g e  a c r o s s  th e  v e i n  w a s  2 7 5 7  k P a  ( 4 0 0  p s i )  a t  15  

d a y s .  T h e  d a t a  c o l l e c t e d  i n  t h e  m in e  w e r e  w i t h i n  th e  r a n g e  o f  

th e  d a ta  c o l l e c t e d  i n  th e  la b o r a to r y  ( 7 - d a y  u n c o n f in e d  c o m p r e s ­

s i v e  s t r e n g t h  o f 2 0 8 2  k P a  [ 3 0 2  p s i ]  a n d  2 8 - d a y  u n c o n f in e d  c o m ­

p r e s s iv e  o f  3 2 5 4  k P a  [ 4 7 2  p s i ] ) .

T h e  2 0 - 5 0  m o d u lu i  d e t e r m in e d  a t  l o c a t io n s  E 1 ,  E 2 ,  W 1 ,  

a n d  W 2  w e r e  6 8 1 ,  1 5 1 3 ,  2 3 6 1 ,  a n d  5 0 9 5  M P a  ( 9 8 , 7 6 0 ,  2 1 9 ,  

4 0 0 ,  3 4 2 , 4 0 0 ,  a n d  7 3 8 , 8 0 0  p s i ) ,  r e s p e c t iv e ly ,  a n d  a v e r a g e d  2 4 1 2  

M P a  ( 3 4 9 , 8 0 0  p s i ) .  S t r a in  w a s  d e t e r m in e d  b y  d iv i d in g  

m e a s u r e d  w a l l  c lo s u r e  b y  th e  o r ig in a l  o p e n in g  w id t h .  T h e s e  

m o d u lu s  v a l u e s  w e r e  d o c u m e n t e d  8  t o 1 2  d a y s  a f t e r  t h e  b a c k f i l l  

h a d  b e e n  p o u r e d  a n d  a s  m in in g  o f  th e  f o l l o w i n g  c u t  p a s s e d  th e  

in s t r u m e n t  lo c a t io n s .  T h e s e  d a t a  s h o w  th a t  th e  u l t im a t e  s t r e n g th  

o f  t h e  c e m e n t e d  b a c k f i l l  w a s  s u r p a s s e d  b y  lo a d i n g  in d u c e d  b y  

th e  la r g e  a m o u n t s  o f  w a l l  c lo s u r e  e x p e r i e n c e d  i n  th e  s to p e .  

T h u s ,  r o c k  b o l t  r e i n f o r c e m e n t  i s  n e e d e d  to  m a in t a in  th e  in t e g r i t y  

o f  th e  b a c k f i l l  s o  th a t  i t  w i l l  b e  s a f e  f o r  m in e r s  to  w o r k  u n d e r .

B A C K F IL L  P R E S S U R E  R E A D IN G S

CLOSURE, in
0 0.5 1.0 1.5

0 1 2 3 4 5
CLOSURE, cm

Figure 12.—Backfill closure versus backfill pressure, West 2.

B r o k e n  b a c k f i l l  w a s  o b s e r v e d  i n  th e  c h a in  l in k  b e l o w  th e  

b a c k f i l l ,  a n d  b a c k f i l l  h e a v i n g  w a s  s e e n  i n  th e  g a p  a t  th e  to p .  

T h e  b a c k f i l l  e v e n t u a l l y  b r o k e  u p  t o  w h e r e  i t  c o u l d  n o  l o n g e r  

c a r r y  lo a d  a n d  s u p p o r t  i t s e l f .  I t  t h e n  c o l l a p s e d  o n t o  th e  b a c k f i l l  

b e l o w  it .  W h e n  t h e s e  c o l l a p s e s  o c c u r r e d ,  t h e y  p r e s e n t e d  n o  

d a n g e r  t o  m in e r s  b e c a u s e  m in in g  w a s  u s u a l ly  t w o  o r  m o r e  c u t s  

b e l o w ,  a n d  t w o  o r  m o r e  in t a c t  b a c k f i l l  h o r iz o n s  w e r e  b e t w e e n  

t h e  m in e r s  a n d  th e  c o l l a p s e d  f i l l  r e m a in e d .

INSTRUMENTED ROCK BOLTS

T h e  v ib r a t i n g - w ir e  in s t r u m e n t e d  r o c k  b o l t s  a n d  l o a d  c e l l s  

w e r e  i n i t i a l l y  c a l ib r a t e d  i n  a  T in iu s - O ls e n  t e s t i n g  m a c h in e  a t  

S R L  t o  5 3  k N  ( 1 2 , 0 0 0  lb ) ;  h o w e v e r ,  r e a d in g s  r e c o r d e d  a t  th e  

m in e  w i t h  th e  in s t r u m e n t e d  r o c k  b o l t s  u s i n g  th e  2 7 - N / H z  

( 6 - l b / H z )  c a l ib r a t io n  in d ic a t e d  th a t  th e  y i e l d  a n d  u l t im a te  

s t r e n g t h s  o f  t h e  r o c k  b o l t s  h a d  b e e n  e x c e e d e d .

T o  d e t e r m in e  i f  t h e  in i t i a l  r e a d in g s  w e r e  a c c u r a t e  o r  i f  t h is  

w e r e  a  c a l ib r a t io n  p r o b le m , t w o  in s t r u m e n t e d  r o c k  b o l t s  w e r e  

t e s t e d  i n  t e n s i o n  to  f a i lu r e .  T h e  in s t r u m e n t e d  r o c k  b o l t s  y i e l d e d  

a t  1 6 0  k N  ( 3 6 , 0 0 0  lb )  a n d  f a i l e d  b e t w e e n  2 0 9  a n d  2 2 1  k N  

( 4 7 , 0 0 0  a n d  4 9 , 9 0 0  lb )  a t  t h e  g a u g e  lo c a t io n .

T h e s e  t e s t s  s h o w e d  th a t  th e  h o le  d r i l l e d  f o r  th e  v ib r a t i n g  w ir e  

d id  n o t  a f f e c t  th e  y i e l d  s t r e n g t h  o f  th e  b o l t ,  b u t  t h a t  i t  d id  r e d u c e  

u l t im a t e  s t r e n g th  f r o m  2 4 0  to  2 1 5  k N  ( 5 4 , 0 0 0  to  4 8 , 4 5 0  lb ) .  

T h e  s l o p e  o f  g a u g e  r e s p o n s e  w a s  l in e a r  b e t w e e n  8 . 9  a n d  1 2 4  k N  

( 2 0 0 0  a n d  2 8 , 0 0 0  lb )  a t  2 7  N / H z  ( 6  lb / H z ) .  G a u g e  r e s p o n s e  w a s  

t h e n  r a p id ly  r e d u c e d  to  2  N / H z  ( 0 .4 5  lb / H z ) .  A t  1 4 2  k N  ( 3 2 , 0 0 0  

lb ) ,  t h e  g a u g e s  f a i l e d  b e f o r e  t h e  y i e l d  p o in t  o f  th e  r o c k  b o l t s  w a s  

r e a c h e d .  F ig u r e  13  s h o w s  c a l ib r a t io n  l o a d  v e r s u s  g a u g e  

r e s p o n s e  f r e q u e n c y  f o r  t h e  b o l t s  t e s t e d  t o  f a i lu r e .  T h e s e  t e s t s  

s h o w e d  t h a t  th e  v ib r a t i n g - w ir e  g a u g e s  in s t a l l e d  i n  t h e  e n d  o f  th e  

b o l t s  w e r e  in a d e q u a t e  f o r  t h i s  a p p l ic a t io n  a n d  a n y  fu tu r e  t e s t s  

s h o u ld  u s e  a  g a u g e  w i t h  a  h ig h e r  l o a d  r a n g e .  T h e  d a ta  w e r e  

r e a n a ly z e d  u s i n g  t h i s  c a l ib r a t io n  c u r v e .

L o a d  o n  s i x  o f  th e  n in e  in s t r u m e n t e d  r o c k  b o l t s  p la c e d  

v e r t i c a l ly  i n  t h e  b a c k f i l l  e x c e e d e d  1 4 2  k N  ( 3 2 , 0 0 0  lb ) ,  w h i c h  

w a s  th e  l im i t  o f  th e  v ib r a t in g - w ir e  g a u g e .  I n f o r m a t io n  f r o m  

m o s t  o f  th e  in s t r u m e n t e d  r o c k  b o l t s  w a s  e v e n t u a l l y  l o s t  b e c a u s e  

d e f o r m a t io n  o f  t h e  b a c k f i l l  a p p a r e n t ly  b r o k e  m a n y  o f  th e  s ig n a l  

w i r e s  i n  th e  b a c k f i l l .

T h e  d a ta  s h o w e d  th a t  t h e  v e r t ic a l  r e i n f o r c in g  r o c k  b o l t s  in  

t h e  b a c k f i l l  d id  a  g o o d  jo b  o f  r e s i s t in g  b a c k f i l l  d e f o r m a t io n  

a n d  p r o v id e d  a  s a f e  b a c k  f o r  m in e r s  t o  w o r k  u n d e r .  I n i t ia l  lo a d s  

b e g a n  a t  z e r o  a n d  in c r e a s e d  o v e r  t im e ,  i n d ic a t in g  a  d ir e c t  

r e la t io n s h ip  t o  w a l l  c lo s u r e .
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Figure 13.—Calibration curve showing relationship be­
tween frequency and load on instrumented rock bolts.

ROCK BOLT LOAD CELLS

D a t a  f r o m  th e  r o c k  b o l t  l o a d  c e l l s  in d ic a t e d  th a t  t h e  v e r t ic a l  

r o c k  b o l t s  w e r e  u n d e r  lo a d s  f r o m  4 1  to  1 7 9  k N  ( 9 3 0 0  to  4 0 , 3 0 0  

lb )  a f t e r  c u t  9  w a s  m in e d  e x c e p t  i n  th e  m u c k  b a y ,  w h e r e  lo a d s  

r a n g e d  f r o m  2 . 9  t o  1 9 .1  k N  ( 6 6 0  to  4 3 0 0  lb ) .  L o a d s  o n  th e  

v e r t i c a l  r o c k  b o l t s  a l o n g  th e  v e i n  d r o p p e d  a s  c u t s  w e r e  s u b ­

s e q u e n t ly  m in e d .  T h is  d r o p  w a s  p r o b a b ly  a  r e s u l t  o f  t h e  c o n ­

t in u e d  b r e a k in g  u p  o f  t h e  b a c k f i l l  a s  t h e  w a l l s  c l o s e d .  F ig u r e  1 4  

s h o w s  t h e  r e la t io n s h ip  o f  r o c k  b o l t  l o a d  to  b a c k f i l l  c lo s u r e  

a t  E a s t  2 .  T h e  d a ta  in d ic a t e  r o c k  b o l t  l o a d  l e v e l i n g  o f f  a n d

CLOSURE, cm

Figure 14.—Backfill closure versus rock bolt load, East 2.
d e c r e a s in g  a s  c lo s u r e  c o n t in u e d  f o l l o w i n g  e a c h  m in in g  c u t. 

T h is  d r o p  w a s  p r o b a b ly  c a u s e d  b y  b a c k f i l l  f a i l u r e  a r o u n d  th e  

r o c k  b o l t  b e a r in g  p la t e s  a s  t h e  w a l l s  c o n v e r g e d .  I n s p e c t i o n  o f  

t h e  b o t t o m  o f  t h e  b a c k f i l l  r e v e a le d  b a g s  o f  b r o k e n  b a c k f i l l  i n  th e  

c h a in  l in k  f e n c i n g  b e t w e e n  t h e  r o c k  b o l t  p la t e s .  V i s u a l  

o b s e r v a t io n  o f  t h e  t o p  o f  t h e  2 . 4 - m -  ( 8 f t - )  l o n g  v e r t i c a l  r o c k  

b o l t s  a l s o  c o n f i r m e d  th a t  th e  1 5 -  b y  1 5 - c m  ( 6 -  b y  6 - in )  b e a r in g  

p la t e s  r e s i s t e d  b a c k f i l l  d e f o r m a t io n  a n d  t r a n s fe r r e d  l o a d  to  th e  

r o c k  b o lt .

T a b le  3 i s  a  s u m m a r y  o f  t h e  lo a d s  r e c o r d e d  o n  th e  i n ­

s t r u m e n t e d  r o c k  b o l t s  a n d  l o a d  c e l l s .  T h e  r e a d in g s  o f  1 6 4  a n d  

1 7 9  k N  ( 3 6 , 9 0 0  a n d  4 0 , 3 0 0  lb )  a r e  t h e  o n ly  o n e s  e x c e e d i n g  th e  

y i e l d  s t r e n g t h  o f  th e  r o c k  b o l t  a t  1 6 0  k N  ( 4 0 , 9 0 0  lb ) ;  t h e  r e s t  

w e r e  b e l o w  th e  y i e l d  s tr e n g th .  T h is  i s  im p o r t a n t  b e c a u s e  i t

Table 3.—Loads on instrumented bolts and load cells for three cuts of mining.

L ocation
5 6 6 0 -0 5 , cut 9 5 7 5 0 -0 5 , cut 1 5 7 5 0 -0 5 , cut 2

Bolt L oad cell Bolt L oad cell Bolt L oad cell
kN lb kN lb kN lb kN lb kN lb kN lb

V ertical bolts:
S lo t ...................... + 1 4 2 + 3 2 ,0 0 0 10 2 2 2 ,9 0 0 4 4 .3 9 ,9 6 0 35.1 7 ,8 9 0
M uck b a y ........... 8 .9 1 ,9 9 0 0 .9 1 9 4 6 .7 1 ,5 1 0 1 .8 4 0 0 2 .9 6 5 5 10.1 2 ,2 7 0
W e st 1 ................. 63.1 1 4 ,2 0 0 4 2 .5 9 ,3 4 0 5 0 3 1 1 ,3 0 0 34.1 7 ,6 8 0 2 5 .3 5 ,7 0 0
W e st 2 ................. + 14 2 + 3 2 ,0 0 0 11 6 2 6 ,2 0 0 1 9 .4 4 ,3 7 0 9 .9 2 ,2 3 0
E ast 1 ................. + 14 2 + 3 2 ,0 0 0 17 9 4 0 ,3 0 0 15 7 3 5 ,4 0 0 13 3 3 0 ,0 0 0
E ast 2  ................. + 14 2 + 3 2 ,0 0 0 15 7 3 5 ,5 0 0 + 14 2 + 3 2 ,0 0 0 12 2 2 7 ,6 0 0 1 0 4 2 3 ,4 0 0
In tersection  A  . + 14 2 + 3 2 ,0 0 0 + 14 2 + 3 2 ,0 0 0 + 1 4 2 + 3 2 ,0 0 0
In tersection  B  . 10 3 2 3 ,2 0 0 1 6 4 3 6 ,9 0 0 5 3 .3 1 2 ,0 0 0 1 .8 4 0 8 4 3 .3 9 ,7 4 0

T ru ss  bolts:
S lo t ...................... 3 1 .4 7 ,0 6 0 3 5 .8 8 ,0 6 0 5 .4 1 ,2 2 0
M uck b a y ........... -2 .5 -5 7 0 1 2 .5 2 ,8 1 0 8 .7 1 ,9 6 0 19.1 4 ,3 0 0 5 ,1 7 0 2 .8 6 6 0
W e st ................... 1 9 .9 4 ,4 8 0 2 3 .7 5 ,3 3 0 6 .5 1 ,4 6 0 4 1 .7 9 ,3 7 0 6 ,3 2 0 15 9 3 5 ,8 0 0
E a s t ...................... 3 6 .0 8 ,1 0 0 4 .3 9 6 0 20.1 4 ,5 3 0 4 8 .3 1 0 ,8 6 0 63.1 1 4 ,2 0 0
C e n t e r ................. + 14 2 + 3 2 ,0 0 0 11 3 2 5 ,6 0 0 + 14 2 + 3 2 ,0 0 0 1 0 4 2 3 ,5 0 0 + 14 2 + 3 2 ,0 0 0

+ = Out o f  ran ge  or quit working.
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in d ic a t e s  th a t  th e  y i e l d  s t r e n g t h  o f  th e  r o c k  b o l t s  w a s  n o t  b e i n g  

e x c e e d e d .

F ig u r e  15  i s  a n  i d e a l i z e d  d r a w in g  o f  h o w  th e  in s t r u m e n t e d  

r o c k  b o l t s  in t e r a c t e d  w i t h  th e  c e m e n t e d  b a c k f i l l  i n  th e  v e i n  

p o r t io n  o f  th e  s t o p e  a s  m in in g  p r o g r e s s e d .  T h is  in t e r p r e t a t io n  i s  

b a s e d  o n  c o n v e n t io n a l  t h e o r ie s  o f  r o c k  b o l t  r e i n f o r c e m e n t  th a t  

s ta te  th a t  t e n s io n e d  r o c k  b o l t s  c r e a t e  a  s e l f - s u p p o r t i n g  

c o m p r e s s iv e  a r c h  a c r o s s  t h e  o p e n i n g  ( L a n g  1 9 6 1 ;  H o e k  a n d  

B r o w n  1 9 8 0 ;  S t i l lb o r g  1 9 8 6 ;  B r a d y  a n d  B r o w n  1 9 9 3 ) .  T h e  

i l lu s t r a t io n  i s  a l s o  b a s e d  o n  v i s u a l  o b s e r v a t io n s ,  c lo s u r e  

m e a s u r e m e n t s ,  a n d  lo a d  r e a d in g s  o n  t h e  v e r t ic a l  r o c k  b o l t s  

g a t h e r e d  d u r in g  t h i s  p r o je c t .  I n i t ia l ly ,  i n  s t a g e  1 , th e r e  i s  n o  w a l l  

c lo s u r e ,  p r e s s u r e  i n  th e  b a c k f i l l ,  o r  l o a d  o n  t h e  r e i n f o r c in g  r o c k  

b o l t s .  T h e n  f o r c e s  i n  t h e  b a c k f i l l ,  c r e a t e d  a s  th e  b e a r in g  p la t e s  

r e s i s t  b a c k f i l l  d e f o r m a t io n  c a u s e d  b y  w a l l  c lo s u r e ,  f o r m  a  c o n e  

o f  c o m p r e s s io n  i n  th e  b a c k f i l l  ( s t a g e  2 ) .  T h e  b a c k f i l l  i s  s e l f ­

s u p p o r t in g  u n t i l  th e  b a c k f i l l  b r e a k u p  p r o g r e s s e s  t o  th e  p o in t  

w h e r e  th e  o v e r l a p  o f  th e  c o n e s  o f  c o m p r e s s i o n  b e t w e e n  a d j a c e n t  

v e r t i c a l  r o c k  b o l t s  i s  e l im in a t e d  ( s t a g e  3 ) .  T h e  b a c k f i l l  t h e n  

c o l l a p s e s  b e c a u s e  o f  g r a v i t y .

BACKFILL TEMPERATURE

T h e  in s t r u m e n t e d  b o l t s  a n d  t w o  o f  th e  e a r t h  p r e s s u r e  c e l l s  

h a d  te m p e r a tu r e  s e n s o r s  a t t a c h e d  i n  c a s e  la r g e  t e m p e r a tu r e  

f lu c t u a t io n s  r e q u ir e d  th a t  c a l c u la t io n s  b e  m a d e  to  c o m p e n s a t e  

f o r  t h e s e  f lu c t u a t io n s .  T h e  s e n s o r s  o n  t h e  b o l t s  w e r e  o n  t h e  e n d  

o f  t h e  b o l t  w i t h  th e  s t r a in  g a u g e ,  a n d  t h e  te m p e r a tu r e  r e a d in g s  

r e f l e c t e d  th e  p o s i t i o n  o f  th e  g a u g e  w i t h  r e s p e c t  t o  th e  s u r f a c e  o f  

th e  s a n d f i l l .  T h e  r e a d in g s  f r o m  th e  2 . 4 - m -  ( 8 - f t - )  l o n g  r o c k  b o l t s  

i n  t h e  in t e r s e c t i o n  w e r e  l o w e r  th a n  t h e  o t h e r  r e a d in g s  b e c a u s e  

th e  e n d s  o f  t h e s e  b o l t s  w e r e  e x p o s e d  t o  th e  a ir . F ig u r e  1 6  s h o w s  

a v e r a g e  t e m p e r a t u r e s  f o r  th e  b o l t s  i n  t h e  b a c k f i l l  a n d  t h o s e  in  

th e  in t e r s e c t io n .  T h e  4 7 . 2  ° C  ( 1 1 7  ° F )  i n - f i l l  t e m p e r a tu r e  a t  d a y  

2 w a s  th e  h i g h e s t  te m p e r a tu r e  r e c o r d e d  i n  th e  b a c k f i l l  a n d  

s t e m m e d  f r o m  t h e  h e a t  o f  h y d r a t io n  o f  t h e  c e m e n t e d  b a c k f i l l .  

T h e  3 2 . 2  ° C  ( 9 0  ° F )  r e c o r d e d  o n  th e  I A ,  I B ,  a n d  I C  r o c k  b o l t s  

w a s  a ir  te m p e r a tu r e  i n  t h e  u n v e n t i la t e d  a r e a  a b o v e  th e  b a c k f i l l .  

T h e  d a ta  s h o w  th a t  n o  te m p e r a tu r e  c o m p e n s a t io n  w a s  r e q u ir e d  

f o r  t h e  s tr a in  g a u g e s  b e c a u s e  lo a d s  w e r e  s ig n i f i c a n t ly  h ig h e r  

th a n  th e  te m p e r a tu r e  c o m p e n s a t io n .  T h e  d a ta  a l s o  g i v e  a n  

in d ic a t io n  o f  t h e  h e a t  l o a d  t o  t h e  v e n t i l a t io n  s y s t e m  f r o m  th e  

h e a t  o f  h y d r a t io n  o f  t h e  c e m e n t e d  b a c k f i l l .

TRUSS LOADS

I m m e d ia t e ly  a f t e r  i n s t a l l a t io n  o n  d a y  1 4  a n d  d u r in g  m in in g  o f  

c u t  9  o n  t h e  5 6 6 0  l e v e l ,  th e  l o a d  c e l l  o n  t h e  v e r t i c a l  r o c k  b o l t  in  

th e  c e n t e r  o f  t h e  tr u s s  t o o k  o n  lo a d s  t o  1 1 6  k N  ( 2 6 , 0 0 0  lb ) ,  w h i l e  

t h e  l o a d  c e l l s  o n  th e  h o r iz o n t a l  l e g  s h o w e d  lo a d s  f r o m  0 . 4  to  

3 3 . 4  k N  ( 1 0 0  to  7 5 0 0  lb )  ( f ig u r e  1 7 ) .  L o a d s  o n  th e  h o r iz o n t a l  

l e g s  r e m a in e d  f a ir ly  c o n s t a n t  u n t i l  d a y  8 7 ,  a t  w h i c h  t im e  c u t  1 

f r o m  th e  5 7 5 0  l e v e l  w a s  b e i n g  m in e d  p a s t  th e  in s t r u m e n t  

l o c a t io n s  6  m  ( 2 0  f t )  b e l o w .

O n  F e b r u a r y  1 5 ,  1 9 9 8  (d a y  1 2 2 ) ,  l o a d  o n  th e  h o r iz o n t a l  l e g s  

i n c r e a s e d  s u d d e n ly  w h i l e  l o a d  o n  th e  v e r t ic a l  l e g  d e c r e a s e d .

V i s u a l  in s p e c t i o n  o n  F e b r u a r y  1 8  s h o w e d  th a t  th e  b a c k f i l l e d  

in t e r s e c t i o n  o f  c u t  7  h a d  s lu m p e d  o n t o  th e  t o p  o f  th e  

in s t r u m e n t e d  b a c k f i l l .  I t  w a s  n o t i c e d  th a t  t h e  y o k e  o f  th e  s l o t  l e g  

o f  th e  c u t  7  t r u s s  h a d  c o m e  o f f  t h e  h o r n  b r a c k e t  ( f ig u r e  1 8 )  a n d  

s u p p l i e d  n o  s u p p o r t  a t  a l l .  T h e n ,  b e t w e e n  6 : 0 0  p .m .  o n  F e b r u a r y  

2 8  ( d a y  1 3 6 )  a n d  6 : 0 0  a .m . o n  M a r c h  1 , th e  l o a d  c e l l s  o n  th e  

f o u r  h o r iz o n t a l  l e g s  o f  th e  t r u s s  s h o w e d  s u d d e n  i n c r e a s e s  o f  6 .7 ,  

7 .6 ,  9 .3 ,  a n d  1 9 .1  k N  ( 1 5 0 0 ,  1 7 0 0 ,  2 1 0 0  a n d  4 3 0 0  lb ) .  T h e  n e x t  

r e a d in g s  ( 1 2  h r  la t e r  a t  6 : 0 0  p .m .  o n  M a r c h  1 ) s h o w e d  th a t  lo a d s  

o n  th e  e a s t  a n d  w e s t  l e g s  o f  th e  t r u s s  h a d  in c r e a s e d  f r o m  1 1 1  

a n d  8 0  k N  ( 2 5 , 0 0 0  a n d  1 8 ,0 0 0  lb )  to  1 7 8  a n d  1 6 5  k N  ( 4 0 , 0 0 0  

a n d  3 7 , 0 0 0  lb ) ,  r e s p e c t iv e ly ,  w h i l e  l o a d s  o n  t h e  s l o t  a n d  m u c k  

b a y  l e g s  h a d  d r o p p e d  f r o m  5 3  a n d  4 9  k N  ( 1 2 , 0 0 0  a n d  1 1 ,0 0 0  lb )  

to  1 3 .3  a n d  2 . 7  k N  ( 3 0 0 0  a n d  6 0 0  lb ) ,  r e s p e c t iv e ly .

L o a d  o n  t h e  v e r t ic a l  in s t r u m e n t e d  r o c k  b o l t  i n  th e  tr u s s  a l s o  

s h o w e d  a n  in c r e a s e  f r o m  3 5 . 6  k N  ( 8 0 0 0  lb )  t o  t h e  1 4 2 - k N  

( 3 2 , 0 0 0 - l b )  l im i t  o f  th e  v ib r a t i n g - w ir e  s tr a in  g a u g e  o n  d a y  1 2  a s  

c u t  9  o n  t h e  5 6 6 0 - 0 5  l e v e l  w a s  m in e d  u n d e r  t h e  in t e r s e c t i o n .  

A t  a p p r o x im a t e ly  th e  s a m e  t im e ,  t h e  in s t r u m e n t e d  r o c k  b o l t s  o n  

th e  e a s t  a n d  w e s t  t r u s s  l e g  e n d s  r e a c h e d  lo a d s  o f  6 0 . 9  a n d  2 7 . 7  

k N  ( 1 3 , 6 8 7  a n d  6 2 3 6  lb ) ,  r e s p e c t iv e ly .  T h e s e  lo a d s  t h e n  

g r a d u a l ly  l e v e l e d  o f f  a t  3 6 . 5  a n d  1 9 .6  k N  ( 8 2 0 0  a n d  4 4 0 0  lb ) .

A f t e r  d a y  8 7 ,  th e  in s t r u m e n t e d  r o c k  b o l t s  s h o w e d  d e c r e a s e s  in  

l o a d  o n  t h e  e a s t  a n d  w e s t  l e g s  a n d  a n  in c r e a s e  o n  th e  m u c k  b a y  

l e g ,  w h i l e  th e  l o a d  c e l l s  a l l  s h o w e d  a n  i n c r e a s e  i n  lo a d .  

R e a d in g s  f r o m  t h e  r o c k  b o l t  o n  t h e  e a s t  l e g  o f  th e  tr u s s  s t o p p e d  

s h o r t ly  a f t e r ,  p r o b a b ly  a s  a  r e s u l t  o f  b a c k f i l l  d e f o r m a t io n  c u t t in g  

th e  s ig n a l  w ir e .

A t  d a y  1 3 6 ,  t h e  t w o  r e m a in in g  in s t r u m e n t e d  r o c k  b o l t s  o n  

th e  m u c k  b a y  l e g  a n d  t h e  w e s t  l e g  a l s o  r e c o r d e d  s u d d e n  

i n c r e a s e s  i n  l o a d  s im i la r  t o ,  b u t  o f  a  l o w e r  m a g n i t u d e  th a n ,  t h o s e  

o f  t h e  l o a d  c e l l s  a t  th e  t r u s s  b r a c k e t .  R e a d in g s  f r o m  t h e  i n ­

s t r u m e n te d  r o c k  b o l t  o n  t h e  w e s t  t r u s s  l e g  s t o p p e d  o n  d a y  1 4 2  

a f t e r  c u t  2  f r o m  t h e  5 7 5 0  l e v e l  h a d  m in e d  u n d e r .  F ig u r e  1 9  i s  a  

g r a p h  o f  d a ta  f o r  a l l  th r e e  m in in g  c u t s .

D a t a  f r o m  b o t h  t h e  l o a d  c e l l s  a n d  in s t r u m e n t e d  b o l t s  in d ic a t e  

th a t  a  m a j o r  r e d is t r ib u t io n  o f  l o a d  w a s  t a k in g  p l a c e  i n  th e  

in t e r s e c t i o n  d u r in g  t h i s  1 8 -h r  p e r io d .  T a b le  4  i s  a  s u m m a r y  o f  

th e  r e a d in g s  o v e r  th e  1 8 -h r  p e r io d  f o r  th e  r o c k  b o l t  l o a d  c e l l s  

a n d  th e  in s t r u m e n t e d  r o c k  b o l t s .  T h e  t r u s s  l e g s  a l o n g  t h e  v e i n  

f u n c t io n e d  a s  e x p e c t e d ,  b u t  t h e  l e g s  e x t e n d in g  i n t o  t h e  m u c k  b a y  

a n d  s l o t  f a i l e d  to  h o ld  l o a d  a n d  w e r e  i n e f f e c t i v e .

V i s u a l  in s p e c t i o n  o f  t h e  in t e r s e c t i o n  o n  M a r c h  3 s h o w e d  th a t  

th e  b a c k f i l l  i n  th e  n o r t h w e s t  c o r n e r  o f  th e  in t e r s e c t i o n  h a d  

c o l l a p s e d  o n t o  th e  b a c k f i l l  i n  c u t  9 ,  b u t  t h a t  th e  t r u s s  w a s  s t i l l  

a b o v e  t h e  b a c k f i l l .  I t  w a s  n o t  p o s s i b l e  t o  d e t e r m in e  h o w  f a r  th e  

f a i lu r e  e x t e n d e d  a l o n g  th e  w e s t  s id e  o f  th e  s t o p e ,  b u t  i t  i s  

t h o u g h t  th a t ,  b a s e d  o n  in s t r u m e n t  r e s p o n s e ,  f a i lu r e  w a s  l im i t e d  

to  th e  f i r s t  3 m  ( 1 0  f t )  o f  t h e  w e s t  s id e .  T h e  3 - m -  ( 1 0 - f t - )  l o n g  

c a p  p l a c e d  h e r e  p r o b a b ly  s t o p p e d  fu r t h e r  c o l la p s e ,  b u t  th e  a r e a  

w a s  n o t  a c c e s s i b l e  t o  c o n f ir m  t h is  b e l i e f .  T h e  w e i g h t  o f  th e  

b a c k f i l l  f r o m  c u t  7  o n  t o p  o f  th e  in s t r u m e n t e d  b a c k f i l l  a n d  

c o n t in u e d  w a l l  c lo s u r e  f r o m  m in in g  i n  c u t  2  o n  th e  5 7 5 0 - 0 5  

l e v e l  c a u s e d  th e  in t e r s e c t i o n  to  c o l la p s e .  T h e  c o l l a p s e  w a s  n o t  

h a z a r d o u s  to  m in e r s  b e c a u s e  th e r e  w e r e  t w o  in t a c t  b a c k f i l l e d  

c u t s  b e t w e e n  th e  c o l l a p s e  a n d  th e  a c t iv e  m in in g  a r e a .
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Figure 15.—Closure sequence  in backfill.
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Figure 16.—Temperatures recorded on rock bolts in backfill and 
in mine atmosphere.

Figure 18.—Backfill failure at four-way bracket.

Figure 19.—Data from instrumented bolts in truss.

Figure 17.—Load cells at tru ss  four-way bracket.
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Table 4.—P ressure readings on tru ss  and rock bolts during intersection failure.

Instrum ent February 2 8 , 6 :0 0  p.m. M arch 1, 6 :0 0  a .m . M arch 1, 6 :0 0  p.m .
kN lb kN lb kN lb

Load cells:
IS tru ss  ....................................... . . 4 6 .7 1 0 ,4 8 9 5 3 .7 1 2 ,0 7 5 1 3 .6 3 ,0 6 4
IM tru ss  ....................................... . . 4 2 .4 9 ,5 3 3 5 0 .2 1 1 ,2 8 8 2 .9 6 4 4
IW t r u s s ....................................... . . 6 2 .7 1 4 ,0 9 5 8 1 .8 1 8 ,3 9 8 16 5 3 7 ,0 6 7
IE tru ss  ....................................... . . 1 0 4 2 3 ,4 8 5 1 1 4 2 5 ,5 8 4 180 4 0 ,5 3 9
IC truss, v e r t ic a l ...................... . . 8 9 .6 2 0 ,1 4 4 7 5 .4 1 6 ,9 4 3 2 .9 6 5 0

Instrum ented  bolt:
IM t r u s s ....................................... . . 10 .0 2 ,2 4 2 1 2 .4 2 ,7 8 3 17.1 3 ,8 4 7
IW t r u s s ....................................... . . 6 .9 1 ,5 5 5 1 7 .4 3,911 2 9 .2 6 ,5 5 8

Load cell on vertical bolt:
W1 .................................................. . . 3 3 .7 7 ,5 7 8 2 9 .2 6 ,5 6 0 2 3 .7 5,321
W 2 .................................................. . . 13 .0 2 ,9 2 0 8 .3 1 ,8 7 5 8 .5 1 ,9 0 8

CONCLUSIONS

A n  e x t e n s i v e  in s t r u m e n ta t io n  p r o je c t  c a r r ie d  o u t  in  th e  in ­

t e r s e c t io n  a r e a  o f  c u t  8  o f  th e  0 5  s t o p e  o n  th e  5 6 6 0  l e v e l  o f  th e  

L u c k y  F r id a y  M in e  s h o w e d  th a t  t h e  in t e r s e c t i o n  tr u s s  in s t a l l e d  

t o  p r o v id e  a d d i t io n a l  s u p p o r t  d id  n o t  f u n c t io n  f u l l y  b e c a u s e  

c lo s u r e  a c r o s s  th e  v e i n  r e d u c e d  th e  e f f e c t i v e n e s s  o f  t h e  h o r i ­

z o n t a l  t r u s s  l e g s  i n  th e  s l o t  a n d  m u c k  b a y .  D a t a  f r o m  th e  

in s t r u m e n ts  in d ic a t e d  th a t  w a l l  c lo s u r e  in d u c e d  lo a d s  i n  th e  tr u s s  

l e g s  p a r a l le l  t o  th e  v e in  a n d  in  th e  v e r t ic a l  r o c k  b o l t s ,  b u t  th a t  

in s ig n i f i c a n t  s u p p o r t  w a s  s u p p l i e d  b y  th e  tr u s s  l e g s  p e r p e n ­

d ic u la r  t o  th e  v e i n .  T h e r e fo r e ,  th e  m in e  s t a f f  d e c id e d  to  u s e  a n  

a lt e r n a t iv e  s u p p o r t  s y s t e m  o f  w o o d  b e a m s  a n d  p o s t s  t o  e n s u r e  

th e  s a f e t y  o f  m in e r s  w o r k in g  b e n e a t h  th e  b a c k f i l l .

P r o j  e c t  d a ta  a l s o  s h o w e d  th a t  s o m e  r o c k  b o l t s  p l a c e d  v e r t i c a l ly  

i n  th e  b a c k f i l l  f o r  r e in f o r c e m e n t  w e r e  ta k in g  l o a d s  p a s t  th e ir

y i e l d  s t r e n g th  o f  1 6 0  k N  ( 3 6 ,0 0 0  lb ) .  T h is  i s  th e  f i r s t  d o c ­

u m e n t a t io n  o f  m in in g - in d u c e d  lo a d s  o n  r o c k  b o l t s  i n  b a c k f i l l  

a t  th e  L u c k y  F r id a y  M in e .  T h e  in s t r u m e n ts  a l s o  d o c u m e n t e d  

f o r  th e  f ir s t  t im e  s ig n i f i c a n t  c lo s u r e  a c r o s s  th e  s lo t  a n d  a n  

a lm o s t  to t a l  la c k  o f  w a l l  r o c k  m o v e m e n t  in  th e  m u c k  b a y .  A l l  

in s t r u m e n ts  r e c o r d e d  c h a n g e s  a s  m in in g  o f  s u b s e q u e n t  c u t s  

p a s s e d  b y  th e  in s t r u m e n t  lo c a t io n s .

A n  in t e r p r e ta t io n  o f  t h e  in t e r a c t io n  a m o n g  w a l l  c lo s u r e ,  

b a c k f i l l  d e f o r m a t io n ,  a n d  in d u c e d  lo a d s  i n  th e  v e r t i c a l  r o c k  b o l t s  

i n  th e  c e m e n t e d  b a c k f i l l  i s  p r e s e n t e d  i n  f ig u r e  1 5  a n d  in d ic a t e s  

h o w  th e  r e in f o r c e d  b a c k f i l l  s u p p o r t  s y s t e m  m a y  w o r k .  T h is  

k n o w l e d g e  i s  im p o r ta n t  f o r  d e s i g n i n g  b a c k f i l l  s u p p o r t  s y s t e m s  

f o r  o t h e r  m in e s  t o  e n s u r e  th e  s a f e t y  o f  m in e r s  w o r k i n g  in  

u n d e r h a n d  s to p e s .
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APPENDIX A: RESULTS OF UNCONFINED COMPRESSION TESTS OF BACKFILL

S a m p le  d es ig n a tio n  T ype o f sa m p le  D a te  o f p la c e m e n t L ocation

A ................................................................  C ored Jan . 1 4 ,1 9 9 7  5 6 6 0 -0 5  ram p -stop e  in tersection  cut
B ................................................................  In situ Mar. 11, 1 9 9 7  5 6 6 0 -0 5  e a s t  (left) s id e  o f  s to p e  cut
C ................................................................  In situ O ct. 1 0 ,1 9 9 7  5 6 6 0 -0 5  ran p -stop e  in tersection  cut
D ................................................................ .......................C ored_______________________________________5 5 0 0 -0 1  ram p s to p e  in tersection  cut

S p e c im e n  _____________________ C o m p ress iv e  stren gth , psi___________________
s e r ie s  Curing tim e, d a y s  A v era g e  ______________ R a n g e______________  C oeffic ien t o f

______________________________________________________________________ Minimum________M axim um  variation, %
S a m p le  type A:

1 ..................................................... . . .  43 6 2 8 .7 5 7 7 .5 685.1 5 .3
2  ..................................................... . . .  45 6 3 2 .0 5 7 1 .2 6 9 4 .9 6 .4

S a m p le  type B:
1 ..................................................... . . . 14 4 5 0 .6 4 1 4 .3 4 7 7 .4 5 .7
2  ..................................................... . . .  28 4 9 9 .8 4 6 9 .2 5 3 0 .3 4 .8
3  ..................................................... . . .  90 6 1 3 .2 5 7 5 .4 6 9 8 .0 7 .4

S a m p le  type C:
1 ..................................................... . . . 7 3 0 2 .8 2 4 7 .7 3 9 8 .8 1 8 .0
2  ..................................................... . . .  28 4 7 2 .4 3 8 5 .7 5 5 6 .2 1 4 .7

S a m p le  type D:
1 ..................................................... ? 2 4 9 .6 2 4 1 .3 263.1 3 .4
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